


How do existing biological 

indicators respond to climate 

change?
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Questions

•Which indicators/metrics appear to be most 

responsive/most likely to detect climate change effects? 

• How might changes in these metrics impact your 

bioassessment program? 

•What can be done to track whether trends in commonly-

used metrics might be driven by climatic changes? 
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Pilot Studies

• Evaluate and understand how current indicators and 

indices respond to climate change regionally through 

pilot studies 

• Use historical data to examine trends at reference 

sites linked to climate variables 

• Use data to project potential effects from climate 

change 





   

 

  

   

  

    

  

  

Two-pronged approach: 

traits & taxa

TAXA 

Pros Cons 

important to monitor from a taxonomic 

conservation perspective 

sustaining and monitoring functional 

community characteristics may be more 

important for biological monitoring programs 

than preserving taxa 

would see if taxonomic replacement was 

occurring 
more complicated analyses 

people are familiar with it 
taxa may change for reasons other than 

climate- traits provide a better link 



   

   

 

    

 

   

  

    

    

 

     

  

  

   

Two-pronged approach: 

traits & taxa

TRAITS 

Pros Cons 

less variation across geographical areas, 

which allows us to look for regional or 

larger-scale trends 

there is still a lack of knowledge about traits 

for many taxa 

less susceptible to taxonomic ambiguities 

or inconsistencies in long-term datasets 

does not pick up taxa replacement (i.e. 

functional characteristics may stay similar but 

taxa may change) 

picks up changes in functional community 

characteristics 

some traits are highly correlated and can be 

redundant 

allows for aggregation of data into fewer 

categories, which could simplify analyses 

climate filters more for traits than for taxa 



Gathering  & Preparing

Taxonomic Data 

We discussed this during  the pre-workshop webinar. 

Any questions? 
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Gathering & Preparing 

Site Data 
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We discussed this during  the pre-workshop webinar. 

Any questions? 











 

 

Selection of Sites - Limitations

Few sites with long-term data 

Fewer sites with long-term data not influenced by other 

(confounding) factors 

Limited replication of long-term 

sites within a region - how 

representative are those sites? 

Difficult to draw regional 

conclusions 
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Ordinations  show  greater site than year differences,  importance  of 

location factors  (e.g., basin, ecoregion, etc.) 

Increased  spatial variation in groupings   detection of long-term trends  

still limited by amount of data 
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  Any questions about site selection?
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Data analyses –

Implications of climate change 

effects on Maine DEP’s linear 

discriminant models 
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What did we find?

• Difficult to assess 

• The linear discriminant models look at 

multiple variables simultaneously; because of 

this, looking at each metric individually has 

limited value 

• Amounts that the mean metric values 

changed between the different classes varied 
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Examined differences in metrics across 

site classes

Best sites have: 

• High generic richness 

• High richness and abundance of EPT taxa

• High Shannon-Wiener diversity index values 

• Low HBI scores 

• Low Chironomidae abundances 

• Low relative Diptera richness 

• Low relative Oligochaeta abundance 

• Greater presence of Class A indicator taxa

• Greater scraper relative abundance 
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Change in HBI metric (Site 56817)

The only model input metric that had a significantly (p<0.05) different 

mean value between the Class A and Class B samples was the 

Hilsenhoff Biotic Index (HBI). 

This metric was not significantly related to climatic variables

(trend was likely driven by enrichment)





 

 

 

Data analyses –

Trends in commonly-used 

(individual) metrics

Year

PRISM mean annual air temperature

PRISM mean annual precipitation
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What metrics did we examine?

Metrics that are used in other New England States

VT CT NH 

Mean Density 

Mean Richness 

Mean Ept Richness 

Percent Model Affinity at the 

Order level (PMA-O1) 

Mean New_BI 

Ephemeroptera taxa 

Plecoptera taxa 

Trichoptera taxa 

% Sensitive EPT 

Scraper taxa 

Total taxa 

Plecoptera taxa 

% Chironomidae 

% Non insects 

% Clingers 

% Oligochaeta BCG taxa biotic index % Intolerant 

Mean Ept/ Ept & Chiro % dominant genus Tolerant taxa 

Pinkham Pearson Coefficient 

of Similarity based on 

functional groups (PPCS-F1) 

Plus metrics based on cold and warm water traits groups 

(discussed during pre-workshop webinar; also reference 

handout) 
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 Correlation analyses: metrics vs. YEAR

Maine 

Biological Metric vs. YEAR 
56817 57011 57065 

r p r p r p 

Cold water taxa richness 0.49 0.02 -0.17 0.60 0.54 0.13 

Cold water taxa relative abundance 0.48 0.03 0.29 0.36 0.45 0.23 

Warm water taxa richness 0.75 0.00 -0.51 0.09 0.58 0.10 

Warm water taxa relative abundance 0.51 0.02 -0.48 0.11 -0.36 0.34 

Total taxa richness 0.76 0.00 0.81 0.00 0.56 0.11 

EPT taxa richness 0.72 0.00 -0.47 0.12 0.51 0.16 

EPT relative abundance -0.09 0.68 -0.66 0.02 -0.36 0.34 

Ephemeroptera taxa richness 0.58 0.01 0.63 0.03 0.37 0.33 

Plecoptera taxa richness -0.16 0.47 0.05 0.88 0.44 0.23 

Shannon Wiener diversity index 0.64 0.00 0.12 0.72 0.43 0.25 

OCH taxa richness 0.45 0.04 0.43 0.16 0.28 0.47 

OCH taxa relative abundance 0.31 0.16 -0.52 0.09 0.37 0.33 

HBI -0.11 0.64 0.75 0.01 0.18 0.65 

Reference handout for results at sites in Utah and NC
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Correlation analyses: metrics vs. PRISM 

mean annual air temperature 

Maine 

Biological Metric vs. TEMP 
56817 57011 57065 

r p r p r p 

Cold water taxa richness 0.33 0.13 0.13 0.69 -0.58 0.10 

Cold water taxa relative abundance 0.15 0.50 -0.57 0.05 -0.27 0.48 

Warm water taxa richness 0.27 0.23 0.47 0.13 -0.73 0.02 

Warm water taxa relative abundance 0.16 0.49 -0.60 0.04 0.05 0.90 

Total taxa richness 0.30 0.17 0.10 0.76 -0.52 0.15 

EPT taxa richness 0.24 0.29 0.62 0.03 -0.64 0.06 

EPT relative abundance 0.11 0.62 -0.50 0.10 -0.07 0.87 

Ephemeroptera taxa richness 0.19 0.39 0.51 0.09 -0.62 0.08 

Plecoptera taxa richness 0.09 0.70 -0.06 0.85 -0.56 0.12 

Shannon Wiener diversity index 0.20 0.38 0.45 0.14 -0.59 0.09 

OCH taxa richness 0.15 0.51 0.35 0.26 -0.10 0.80 

OCH taxa relative abundance 0.02 0.93 -0.09 0.79 -0.33 0.38 

HBI -0.12 0.59 -0.22 0.49 0.13 0.75 

Reference handout for results at sites in Utah and NC
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Correlation analyses: metrics vs. PRISM 

mean annual precipitation 

Maine 

Biological Metric vs. PRECIP 
56817 57011 57065 

r p r p r p 

Cold water taxa richness 0.48 0.02 0.07 0.82 -0.51 0.16 

Cold water taxa relative abundance 0.60 0.00 -0.27 0.40 -0.02 0.97 

Warm water taxa richness 0.14 0.53 -0.20 0.54 -0.13 0.73 

Warm water taxa relative abundance 0.08 0.72 -0.34 0.28 -0.44 0.23 

Total taxa richness 0.30 0.17 0.15 0.63 -0.28 0.47 

EPT taxa richness 0.32 0.15 -0.04 0.90 -0.12 0.76 

EPT relative abundance 0.06 0.78 -0.33 0.29 0.17 0.66 

Ephemeroptera taxa richness 0.35 0.11 0.45 0.14 -0.09 0.83 

Plecoptera taxa richness 0.18 0.43 -0.19 0.56 -0.32 0.41 

Shannon Wiener diversity index 0.25 0.27 0.09 0.79 0.01 0.97 

OCH taxa richness 0.31 0.16 0.07 0.82 -0.44 0.24 

OCH taxa relative abundance 0.28 0.20 0.29 0.36 -0.33 0.39 

HBI -0.30 0.17 0.26 0.42 -0.27 0.49 

Reference handout for results at sites in Utah and NC







  

 

 

 

Flow data was also considered

• Sites and USGS gages were considered to be 

matches if they were located on the same stream 

reach and were within 500 meters of one another 

• For the sites that had gages, all available hydrologic 

data were downloaded from the USGS real-time flow 

data website 

• Indicators of Hydrologic Alteration (IHA) software 

(version 7.0.4.0) was then used to calculate a suite of 

non-parametric IHA parameters for each site, which 

were used as hydrologic variables in the analyses 

(The Nature Conservancy 2007). 
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Maine Site 56187 - significant relationships between

model input metrics and dry (1)/normal (2)/high flow (3)

years
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Maine Site 56187 - significant relationships between

model input metrics and dry/normal/high flow years
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Maine & NC sites experienced 

more year-to-year climatic 

variability 



RELATIONSHIPS BETWEEN COLD 

AND WARM WATER TRAIT GROUPS 

AND COMMONLY USED METRICS 
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Lists of cold and warm water taxa

(reference handout)

Taxa that occurred on the lists in more than one state 

Cold water taxa # States

Apatania

Parapsyche

Rhithrogena

Ameletus

Cinygmula

Cultus

Dicranota

Epeorus

Glossosoma

Lanthus

Pagastia

Tallaperla

Zapada 

3 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Warm water taxa # States 

Caenis 2

Macrostemum 2

Neureclipsis 2

Oecetis 2

Parachironomus 2

Pentaneura 2

Physella 2

Tricorythodes 2

Note: there are some taxa that are 

noticeably missing from these lists (i.e. 

Rhyacophila). This was because there 

was variation in thermal preferences 

among species within these genera. A 

species-level list would be helpful. 
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Link between Maine cold and warm water taxa 

and Class A indicator taxa

Class A Indicator Taxa Designation Comments 

Eurylophella cold 

Glossosoma cold 

Psilotreta 

occurred at one of the warm water 

case study sites, otherwise would have 

been on the cold water list. 

Paragnetina warm 

Serratella warm 

Leucrocuta warm 

Brachycentrus 

VT gave this a 'no' for warm water 

indicator taxa due to variation among 

species within this genus 
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Also a link between Maine Class A indicator taxa metric 

and mean annual precipitation

Samples were grouped by the following precipitation 

categories: 1=dry years, 2= normal years, 3=wet years. 



 Link between Maine cold and warm water taxa and BCG 

attributes

Higher % of BCG attribute 2 & 3 taxa are cold water taxa; 

higher # of BCG attribute 4-6 taxa are warm water taxa 
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Summary

•We did find a link between cold and warm water trait 

groups and several commonly-used metrics (i.e. EPT, 

HBI) 

• Because of this, it is likely that CC will have some 

impact on bioassessments; however this will depend 

on many factors (i.e. how abundant are these cold and 

warm water taxa? How commonly do they occur at 

sites?) 
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Method for detecting shifts in cold and warm water trait 

groups and for seeing how this relates to commonly

used metrics

TOTAL TAXA
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Method for detecting shifts in cold and warm water trait 

groups and for seeing how this relates to commonly

used metrics

EPT TAXA



Questions? 

Comments? 
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Freshwater Biological Traits 

Database 





  

 

Why we are making the 

traits data available online: 

•We believe traits-based approaches will play an 

important role in future climate change analyses 

•We expended a lot of effort gathering/deriving this 

traits data and believe it may be of value to other 

researchers 
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USGS Traits Database 

http://pubs.usgs.gov/ds/ds187/ 

We wanted to build on this…
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   And we knew we wouldn’t have the funds to 

achieve this… 

Taxa and Autecology Database for Freshwater 

Organisms 

http://www.freshwaterecology.info/ 

• Assessment System for the Ecological Quality of Streams 

and Rivers throughout Europe using Benthic 

Macroinvertebrates (AQEM) project (www.aqem.de) 

• Europeans have compiled comprehensive species trait 

information for >12,000 European freshwater organisms, 

including macroinvertebrates, fish, macrophytes, diatoms, 

and phytoplankton 

61 • Schmidt-Kloiber et al. 2006 

http://www.aqem.de/


 

 

 

  

Here is what we came up with…

FRESHWATER BIOLOGICAL TRAITS 

DATABASE 

• traits data for 3857 North American macroinvertebrate 

taxa 

• includes habitat, life history, mobility, morphology and 

ecological trait data 

• traits data were integrated from 14 data sources, 

which are documented and available for download on 

the web page 
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URL 

http://traits.tetratech-ffx.com/index.cfm 

Username: Traits 

Password: Alogon2010 

The traits database is under development. This 

prototype contains draft and test data and is for 

demonstration purposes only. 
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LIVE DEMO…
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Future improvements

• adding fish and periphyton data 

• adding more functionality (i.e. new queries, automated 

import function, interactive map). 

Improvements will likely be made to the database in

phases. 

USGS and EPA have also discussed the possibility of 

collaborating on this project. 

There also is potential for collaboration with European 

researchers with the online Taxa and Autecology 

Database for Freshwater Organisms 
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We are looking for feedback! 

•We would appreciate any suggestions or feedback 

regarding the Freshwater Biological Traits Database. If 

you have comments and/or questions, please contact 

Britta Bierwagen (Bierwagen.Britta@epa.gov). 
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